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Knowledge Based Reasoning / Learning 
(Specialization in AI Problem Solving is available as class next semester) 
 
We have come across the following kinds of knowledge: 
concepts* frames and semantic networks slots fillers 

… …  
rules* production systems if <a1….an> then <c1….ck> 
models*   
instances/cases/examples discrimination networks  
 
* The knowledge is learned from cases. 
 
A lot of reasoning occurs directly on past experience. For example: 
An architect is supposed to design a typical house in Atlanta for less than $250,000. For this task, 
he picks a drawing already made for a previous house similar to the one to be designed and 
tweaks the old design to fit it for the customer. This way, many aspects of the old solution get 
transferred. 
 

case-based planner 
Input:   a new situation/problem 
Process: reminding 
 
  adaptation -> tweaking 
 
  evaluation s
 
  storage 

success 

Output: an action / a solution 
 
Example: recipe for cooking 
 We want to make chicke

broccoli. 
 both are green vegeta
 tweak the original rec

 
Why don’t we use resolution to reason?
except for some very special ones. 
Why do humans “work?” They don’t do
closest match. (=> shift to memory) 
 
 

fail
n and green peas. We have a recipe for chicken with 

bles 
ipe and return it by replacing broccoli with green peas. 

 Planning and resolution is intractable for most problems 

 reasoning. They record instances and they replay with 



Analogical Reasoning 
Example: Atoms work like the universe / Universe works like Atoms 
  The electrons stay in their orbit for the same reasons as planets do. 
 
Process: reminding 
 
  transfer 
 
  evaluation 
 
  storage 
 
In contrast to adaptation, during transfer only a small bit, the relevant piece of information is 
transferred. This information contains mostly deep model-based causal relations, like the relation 
planet~gravity~centrifugal. 
 
pure case-based             “model-based” analogical reasoning 
 
-new problem is a tweak of known problems  -new problem can be “distant” 
-new solution is a tweak to the known solution   from the old problem 
 

Reminding 
Reminding can be seen as the most important task in case-based reasoning. 
In this model, the memory contains labelled/indexed (the little grey flag) cases (the little 
triangles) organized as a decision tree/discrimination tree. A new problem is inserted as a probe 
and the “most similar” case is returned from memory. 
 

 
A problem is represented by an ordered feature vector (f1, …, fn). The problem of picking the 
most similar case can be seen as using an n-dimensional space (one dimension for each feature), 
placing the new problem in this space and comparing the Euclidian distance to the old cases. The 
nearest case is the most similar. 

new Problem 

probe Receiver 

most similar case

How does this work with non-number features? A conceptual hierarchy or a classification tree 
can be build to do the comparison. The use of concepts in this case is no “back to concepts” – 



they only play a very special and limited role in case-based reasoning – they are used only to 
decide on similarity. 
 
Example for a conceptual hierarchy: 

feature new problem old problem 
Ingredient1 chicken chicken 
Ingredient2 snow peas broccoli 

style stir-fried deep-fried 

vegetables 

green vegetables red vegetables white vegetables 

okra carrots ... ... broccoli snow peas 

 
 

Adaptation (tweaking) 
For adaptation, rules can be used. Again, this is no “back to rules” but only a few rules with a 
special role in case-based reasoning. 
Example for rules: 
IF <style=stir_fried>  
AND <Ingredient1=chicken>  
AND <Ingredient2 in new problem and in old instance are conceptual siblings>  
THEN replace<Ingredient2 in old instance by Ingredient2 in new problem> 

Learning 
If you use case-based reasoning, you get (incremental) learning “for free”. Learning is therefore a 
functional justification for CBL/IBL. 
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